1. Introduction {#s1}
===============

Primary percutaneous coronary intervention (pPCI) is currently the most effective treatment strategy in ST-segment elevation acute myocardial infarction (STEMI).[@b1] A considerable number of patients, however, develop no-reflow phenomenon during pPCI.[@b2],[@b3] Compared to similar patients with adequate reflow, those with the no-reflow phenomenon have a higher incidence of death, myocardial infarction and heart failure.[@b5],[@b6]

No-reflow is considered a dynamic process characterized by multiple pathogenetic components including distal atherothrombotic embolization, ischemic injury, reperfusion injury, and susceptibility of coronary microcirculation to injury, and current ways of treatment are limited.[@b7] We have established a risk prediction model of no-reflow in our previous studies,[@b8],[@b9] through which we were able to find out patients at high risk of no-reflow. The aim of this study was to investigate the effectiveness of a combination therapy for the prevention of no-reflow in patient with STEMI undergoing primary PCI.

2. Methods {#s2}
==========

2.1. Study population {#s2a}
---------------------

Patients with chest pain were enrolled between May 2009 and May 2013 at the Chinese PLA General Hospital. The criteria for inclusion were patients diagnosed with STEMI for the first time and treated with emergency pPCI. STEMI was defined as chest pain suggestive of myocardial ischemia for at least 30 min before hospital admission, and serial changes on electrocardiogram: ST elevation \> 2 mm in ≥ 2 precordial leads, ST elevation \> 1 mm in ≥ 2 limb leads, or a new onset left bundle branch block. A concomitant increase of at least one cardiac enzyme was also needed. The criteria for exclusion included previous history of myocardial infarction, atrial fibrillation and frequent premature beats, mechanic complications, previous coronary artery bypass grafting (CABG) or lesion needed CABG, malignant tumour.

Before PCI procedure, study patients were assessed for their risk of no-reflow by using a no-flow risk prediction model. High risk (no-reflow score ≥ 10) patients were randomly divided into a controlled group and a combination therapy group. Patients with low risk and those in the controlled group received conventional treatment. Use of adenosine, thrombus aspiration or treatment of IIb/IIIa receptor antagonists were based on the treating physicians\' decision in low risk group and high risk controlled group, while patients in the combination therapy group received high-dose (80 mg) atorvastatin pre-treatment, intracoronary administration of adenosine (140 µg/min per kilogram) during PCI procedure, platelet membrane glycoprotein IIb/IIIa receptor antagonist (tirofiban, 10 µg/kg bolus followed by 0.15 µg/kg per minute) and thrombus aspiration. And 40 mg atorvastatin daily for seven days followed by 20 mg daily for six months at follow-up post PCI.

This study was approved by the Ethics Committee of the Chinese PLA General Hospital, and all patients gave their written informed consent before PCI treatment. The study was conducted according to the principles of the Declaration of Helsinki, 2008 version.

2.2. PCI procedure and medication {#s2b}
---------------------------------

PPCI was performed by one of four interventionists, using standard techniques. Unfractionated heparin was administered intravenously as 50−70 IU/kg bolus with subsequent boluses to achieve an activated clotting time of 200−250 s. Patients chewed 300 mg aspirin in the emergency department, followed by 75−100 mg orally daily indefinitely thereafter. A clopidogrel loading dose (300 mg) was administered before catheterization, followed by 75 mg orally daily for at least 12 months. Drug-eluting stents were implanted as the first-line choice of stents ([Table 1](#jgc-12-02-135-t01){ref-type="table"}).

2.3. Endpoints {#s2c}
--------------

Study endpoints were the incidence of no-reflow during PCI procedure. Angiographic no-reflow was defined as significant coronary flow decrease \[thrombolysis in myocardial infarction (TIMI) flow grade \< 3\] without noticed mechanical obstruction on final angiograms obtained at the completion of PCI.[@b10]

The secondary end points of this study were myocardial perfusion at 72 h after PCI, and major adverse cardiovascular events (MACE) occurred during six months after PCI. MACE was defined as cardiac death, non-fatal MI, and ischemia driven target lesion revascularization (TLR).

2.4. Clinical data collection {#s2d}
-----------------------------

Creatine kinase (CK) and CK-MB, troponin T, blood glucose, Cr, markers of inflammation \[high sensitivity C reactive protein (hs-CRP)\] and brain natriuretic peptide (BNP) were tested before PCI. CK and CK-MB, troponin as well as hs-CRP were also tested at 6 h, 12 h, 24 h after PCI.

2.5. Myocardial perfusion assessment {#s2e}
------------------------------------

Myocardial contrast echocardiography (MCE) was done 72 h after PCI in order to assess the myocardial perfusion. Apical 4-chamber, 2-chamber and 3-chamber views were acquired for myocardial perfusion imaging. RANK 512 ultrasonic diagnostic apparatus (Siemens Acuson Sequoia) were switched to low power real time perfusion imaging (MI \< 0.2) with adjustment of transmit power, gain, dynamic range and line density to achieve optimal and artefact-free visualisation of myocardial perfusion. Infusion rate of SonoVue^®^ was adjusted for optimal visualisation of myocardial perfusion. Myocardial perfusion was assessed on a segmental level using a 16-segment model, then analyzed off line using auto-tracking contrast quantification. A value represents the vascular bed area, β value represents the flow velocity, A × β values represents myocardial perfusion.

###### Treatment of patients in different groups.

                                                                  Low-risk (*n* = 405)   Control (*n* = 108)   Combination therapy (*n* = 108)   *P* value
  -------------------------------------------------------------- ---------------------- --------------------- --------------------------------- -----------
  Large doses of statin                                                                                                                         
   Before-PCI                                                            0 (0)                  0 (0)                    108 (100%)                0.001
   After-PCI                                                          215 (53.1%)            75 (69.4%)                  108 (100%)                0.024
   Adenosine                                                           40 (10.0%)            23 (21.3%)                  108 (100%)                0.001
   Thrombus aspiration                                                 12 (1.8%)             46 (42.6%)                  089 (82.4%)               0.001
   Platelet membrane glycoprotein IIb/IIIa receptor antagonist         17 (4.2%)             23 (21.2%)                  067 (62.0%)               0.03

PCI: percutaneous coronary intervention.

2.6. Statistical analysis {#s2f}
-------------------------

Continuous variables were presented as mean ± SD and categorical variables as frequencies and percentages. Data were statistically analyzed with SPSS version 17. Continuous variables were compared using One-way ANOVA. Categorical variables were compared using chi-square statistics. *P* \< 0.05 was considered significant.

3. Results {#s3}
==========

3.1. Study population and baseline characteristics {#s3a}
--------------------------------------------------

A total of 1217 patients were admitted to our hospital during the enrolment for AMI; 962 (79%) were considered to have STEMI by 12-leads electrocardiography and 769 had no documented or self-reported prior AMI. Of the first STEMI, 17 died and 15 were transferred to other hospitals before a decision on whether or not to undergo PCI was made. Sixty-four were excluded due to contraindications to reperfusion and 41 patients refused to participate in this study. Finally, 621 patients were enrolled ([Figure 1](#jgc-12-02-135-g001){ref-type="fig"}), Among which, 216 (34.8%) high risk patients of no-reflow were selected by no-reflow risk prediction model.[@b8],[@b9] Patients demographics, angiography and procedural data examined in different group are shown in [Table 2](#jgc-12-02-135-t02){ref-type="table"}.

![Selection of study patients.\
AMI: acute myocardial infarction; STEMI: ST-segment elevation acute myocardial infarction; PCI: percutaneous coronary intervention.](jgc-12-02-135-g001){#jgc-12-02-135-g001}

3.2. Incidence of no-reflow {#s3b}
---------------------------

No-reflow occurred in 11 cases (11/405, 2.7%) in low risk patients, 38 cases (38/108, 35.2%) in controlled group and 3 cases (2.8%) in combination therapy group ([Figure 2](#jgc-12-02-135-g002){ref-type="fig"}).

3.3. Myocardial perfusion {#s3c}
-------------------------

MCE at 72 h after PCI procedure suggested a higher A × β value in combination therapy group than that of controlled group ([Figure 3](#jgc-12-02-135-g003){ref-type="fig"} & [4](#jgc-12-02-135-g004){ref-type="fig"}).

3.4. MACE at six months {#s3d}
-----------------------

Six months clinical follow-up was obtained in 552 patients. Events rates are presented in [Table 3](#jgc-12-02-135-t03){ref-type="table"}. There were 6 (6.3%) events (one death, two non-fatal MIs and three revascularizations) in combination therapy group, significantly lower than 12 (13.2%) events (four deaths, three non-fatal MIs and five revascularizations) in controlled group. Three months later, echocardiogram showed that heart function in combination therapy group significantly better than that of control group ones ([Table 4](#jgc-12-02-135-t04){ref-type="table"}).

4. Discussion {#s4}
=============

Our study discovered that using no-flow risk prediction model to screen AMI patients who had been suffered with high risk of no-reflow, and pre-treated them with combination treatment could significantly lower the incidence of no-reflow, and further improved the prognosis. MACE happened in combination treatment group decreased by 55% compared with controlled group.

No-reflow phenomenon remains a serious complication of PCI in patients with AMI,[@b2],[@b3] associated with short-term and long-term clinical outcomes.[@b12]--[@b17] Therefore, prediction, prevention, and treatment of no-reflow are likely to have an important impact on the outcome of pPCI. Currently, there still lack of effective methods that can classify the no-reflow patients and give a targeted therapy to those ones highly affected by no-reflow. Therefore, we established a risk prediction model of no-reflow in our previous research.[@b8],[@b9] In this study, we observed the overall incidence of no-reflow in STEMI patients, which was 16.0% without any interventions, was similar to that of previous reports.[@b18]--[@b20] Then we stratified these STEMI patients into low-risk no-reflow and high-risk no-reflow ones through this model,[@b8],[@b9] incidences of which were 2.8% and 65.7%, respectively. The accuracy of no-reflow risk model has been well confirmed in this study.[@b8],[@b9]

###### Baseline clinical data.

  Characteristics                                  Low-risk (*n* = 405)   Control group (*n* = 108)   Combination therapy group (*n* = 108)   *P* value
  ----------------------------------------------- ---------------------- --------------------------- --------------------------------------- -----------
  Age, yrs                                               62 ± 12                   64 ± 9                            64 ± 13                    0.885
  Male                                                 297 (73.3%)               77 (71.3%)                        78 (72.2%)                   0.067
  Hypertension                                         252 (62.2%)               65 (60.2%)                        63 (58.3%)                   0.130
  Diabetes mellitus                                    111 (27.4%)               46 (42.6%)                        48 (44.4%)                  0.035\*
  Smoking status                                                                                                                             
   Current smoker                                      194 (47.9%)               49 (45.4%)                        54 (50.0%)                   0.052
   Ex-smoker                                            49 (12.1%)               12 (11.1%)                         10 (9.3%)                   0.461
   Never smoker                                        162 (40.0%)               43 (39.8%)                        40 (37.0%)                   0.132
  Pre-infarction angina                                352 (86.9%)               96 (88.9%)                        101 (93.5%)                  0.052
  Medication usage before myocardial infarction                                                                                              
   Aspirin                                              48 (11.9%)               16 (14.8%)                        14 (13.0%)                   0.401
  Angiotension-converting enzyme inhibitors             34 (8.4%)                 8 (7.4%)                          10 (9.3%)                   0.102
  β-blocker                                            149 (36.8%)               20 (18.5%)                        21 (19.4%)                  0.010\*
  Calcium channel blocker                              115 (28.4%)               36 (33.3%)                        31 (28.7%)                   0.328
  Statin                                               104 (25.7%)               29 (26.9%)                        33 (30.6%)                   0.446
  Time-to-hospital admission, h                         6.5 ± 14.0               9.1 ± 16.8                        8.6 ± 12.2                  0.021\*
  Physical findings on admission                                                                                                             
   Systolic blood pressure, mmHg                         121 ± 25                 119 ± 23                          123 ± 21                    0.583
   Diastolic blood pressure, mmHg                        72 ± 12                   75 ± 17                           73 ± 16                    0.165
   Heart rate, beats/min                                 76 ± 16                   75 ± 8                            73 ± 17                    0.213
  Plasma glucose, mmol/L                                10.3 ± 3.5                14 ± 4.2                         13.1 ± 4.4                  0.04\*
  CK, U/L                                               254 ± 12.1               271 ± 14.5                        268 ± 20.6                   0.067
  CK-MB, ng/mL                                          16.5 ± 3.1               13.5 ± 2.2                        15.3 ± 1.7                   0.31
  Hs-CRP, mmol/L                                        4.7 ± 4.5                 4.6 ± 3.8                         4.5 ± 4.0                   0.434
  BNP, mmol/L                                          1041 ± 1021               914 ± 1007                        1110 ± 987                   0.165
  Neutrophil count, ×10^9^/L                            9.3 ± 3.0                12.1 ± 8.0                        11.9 ± 3.1                  0.001\*
  Low-density lipoprotein cholesterol, mmol/L          2.83 ± 1.00               2.94 ± 1.03                       2.91 ± 1.2                   0.069
  Triglycerides, mmol/L                                1.58 ± 1.12               1.63 ± 1.11                       1.60 ± 1.21                  0.139
  Killip classes                                                                                                                             
   1                                                    46 (11.4%)                8 (7.4%)                         14 (13.0%)                   0.322
   2                                                   160 (39.5%)               20 (18.5%)                        19 (17.6%)                   0.427
   3                                                   103 (25.4%)               34 (31.4%)                        32 (29.6%)                   0.053
   4                                                    96 (23.7%)               46 (42.6%)                        43 (39.8%)                  0.043\*
  Angiography                                                                                                                                
   Multivessel disease                                 240 (59.3%)               66 (63.0%)                        63 (60.2%)                   0.753
  Infarct-related artery                                                                                                                     
   Left main artery                                      4 (1.0%)                 1 (1.0%)                          1 (1.0%)                    0.861
   Left anterior descending artery                     234 (57.8%)               61 (56.5%)                        62 (57.4%)                   0.352
   Left circumflex artery                               35 (8.6%)                11 (10.2%)                         8 (7.4%)                    0.427
   Right coronary artery                               116 (28.6%)               30 (27.8%)                        29 (26.9%)                   0.198
  Procedure                                                                                                                                  
   Direct stenting                                      19 (4.7%)                 5 (4.6%)                          60 (5.6%)                   0.146
   After dilation                                      237 (58.5%)               61 (56.5%)                        60 (55.6%)                   0.453
   Maximal inflation pressure, atmosphere               14.6 ± 3.4               15.7 ± 3.9                        15.7 ± 4.1                   0.218
   Stent diameter, mm                                  3.01 ± 0.61               3.02 ± 0.72                       3.01 ± 0.68                  0.343
   Total stent length, mm                               24.7 ± 6.1               25.7 ± 9.1                        25.5 ± 6.7                   0.199

Data are presented as mean ± SD or *n* (%). \*Compared with control group (*P* \< 0.05). Hypertension is defined as physician office systolic BP level of ≥= 140 mmHg and diastolic BP level of ≥ 90 mmHg. Diabetes: FPG ≥ 7.0 mmol/L or 2 h PG ≥ 11.1 mmol/L. Diabetes was defined as a self-reported diabetes with a validated history or newly diagnostic diabetes by OGTT. BNP: brain natriuretic peptide; BP: blood pressure; CK: creatine kinase; CK-MB: creatine kinase-MB; hs-CRP: high sensitivity C reactive protein; FPG: fasting plasma glucose; PG: plasma glucose.

![Rates of no-reflow in patients with low risk score and high risk score.\
\*Compared with control group (*P* \< 0.05).](jgc-12-02-135-g002){#jgc-12-02-135-g002}

![Myocardial contrast echocardiography in patients.\
The green curve represents the perfusion is poor, yellow represents normal perfusion segments. Larger slope indicates better myocardial perfusion.](jgc-12-02-135-g003){#jgc-12-02-135-g003}

The pathogenesis of no-reflow is complex. Several known causes including embolization, ischemia-reperfusion injury, and individual predisposition of coronary microcirculation to injury,[@b2] are variable in different patients. Current several monotherapies are reported to have certain effects, but not satisfactory at all. As far as we know, this is the first study that has tested the effectiveness of combined therapy of thrombus aspiration, high-dose statin, adenosine and platelet membrane glycoprotein IIb/IIIa receptor antagonist in reducing the incidence of no-reflow and further improve the myocardial microcirculation perfusion and heart function. Study results shown that reduction by about 62.9% the incidence of no-reflow compared with control group in high risk patients. MCE and echocardiogram showed better perfusion and heart function of high risk intervention group than that of high risk control group ones. Statin treatment is associated with a marked reduction in event rate and mortality after coronary intervention independent of the lipid lowering.[@b21] Beyond their lipid-lowering effects, statins have favourable effects on platelet adhesion,[@b22] thrombosis,[@b23] endothelial function,[@b24],[@b25] plaque stability[@b26],[@b27] and inflammation.[@b28] These pleiotropic effects could contribute to the preservation of microvascular function during ischaemia and reperfusion. Results of ARMYDA-ACS trial show good outcome of 80 mg atorvastatin pre-treatment in patients with acute coronary syndromes undergoing early percutaneous coronary intervention.[@b29] It shown that 80 mg atorvastatin dramatically decreased 88% risk of adverse cardiac events and 70% incidence of myocardial infarction within perioperative period. The ARMYDA-RECAPTURE trial indicates that a short-term pre-treatment with high-dose atorvastatin load before PCI improves outcome in patients already receiving chronic statin therapy.[@b30] In particular, an acute bolus of 80 mg atorvastatin given 12 h before intervention followed by a further 40 mg pre-procedural dose was associated with 50% relative risk reduction of MACE at 30 days versus placebo. Iwakura, *et al.*[@b31] have demonstrated that chronic statin therapy in patients with or without hypercholesterolemia is associated with lower prevalence of no-reflow and better functional recovery. In this study, patients in high risk group received 80 mg atorvastatin before operation, with a further 40 mg pre-procedural in order to prevent occurring of no reflow and improve microcirculation of STEMI patient with pPCI.

![Myocardial contrast echocardiography parameters in patients with low risk score and high risk score.\
\*Compared with High-risk-control (*P* \< 0.05).](jgc-12-02-135-g004){#jgc-12-02-135-g004}

###### Major adverse cardiac events of different groups.

  MACE                     In-hospital (*n* = 621)   Three months (*n* = 587)   Six months (*n* = 552)                                                               
  ----------------------- ------------------------- -------------------------- ------------------------ ----------- ---------- ------------ ----------- ------------ ------------
  Ischaemia driven MACE           8 (2.0%)                   5 (4.6%)                 2 (1.9%)\*         15 (3.8%)   7 (7.2%)   4 (4.1%)\*   20 (5.5%)   12 (13.2%)   6 (6.3%)\*
  Cardiac death                   1 (0.2%)                   1 (0.9%)                   0 (0%)           1 (0.3%)    3 (3.1%)   1 (1.0%)\*   2 (0.5%)     4 (4.4%)    1 (1.0%)\*
  MI                              2 (0.5%)                   1 (0.9%)                   0 (0%)           5 (1.3%)    1 (1.0%)   1 (1.0%)\*   6 (1.6%)     3 (3.3%)    2 (2.1%)\*
  Ischaemia driven TLR            5 (1.2%)                   3 (2.8%)                 2 (1.9%)\*         9 (2.3%)    3 (3.1%)   2 (2.0%)\*   12 (3.3%)    5 (5.5%)    3 (3.1%)\*

Data are presented as *n* (%). \*Compared with control, *P* \< 0.05. MACE: major adverse cardiac events; MI: myocardial infarction; TLR: target lesion revascularization.

###### Parameters of echocardiography.

  Characteristics    Low-risk (*n* = 394)   High-risk-control (*n* = 103)   High risk-treated (*n* = 103)
  ----------------- ---------------------- ------------------------------- -------------------------------
  EDV, mL                  110 ± 12                   119 ± 11                        120 ± 16
  ESV, mL                   68 ± 6                     78 ± 5                         72 ± 10\*
  LVEF, %                   58 ± 9                     44 ± 6                         53 ± 8\*

\*Compared with High-risk-control, *P* \< 0.05. EDV: end-diastolic volume; ESV: end-systolic volume; LVEF: left ventricular ejection fraction.

The benefits of the thrombus aspiration were promising. The REMEDIA trial,[@b32] which was the first randomized trial to assess the role of thrombectomy performed with a simple manual aspiration catheter, as compared with conventional pPCI. The results shown that manual thrombectomy was safe and resulted in better myocardial perfusion indexes as compared with standard pPCI. Incidence of no-reflow was significantly reduced In the MCE sub-study of the same trial.[@b33] Large trial by Svilaas, *et al*.[@b34] confirmed the improvement of reperfusion associated with manual thrombus-aspiration as compared with standard pPCI. TAPAS trial shown that improvement of myocardial perfusion by manual thrombus aspiration translated in a strikingly lower mortality at 12-month follow-up.[@b35] These studies suggest the benefit was particularly evident in the subset of patients with higher thrombus burden, thus suggesting that the efficacy of thrombectomy might be dependent on individual patient characteristics.[@b36] Therefore, thrombus aspiration was an important part of interventions during PCI in this study.

Adenosine is an endogenous nucleoside degraded from endogenous ATP,[@b37]--[@b39] which has been widely studied for the treatment of no reflow. Among its many beneficial effects, adenosine increases microvascular flow owing to its vasodilator properties, inhibits neutrophil adhesion and migration, exerts antiplatelet effects, and inhibits oxygen free radical formation, which results in decreased cellular acidosis.[@b40] Adenosine has shown benefits in both intravenous and intracoronary administration. Intravenous adenosine has been tested in two randomized trials: AMISTAD[@b41] and AMISTAD II.[@b42] Navarese, *et al*.,[@b43] analyzed 10 randomized clinical trials, including the data of coronary flow collected from 3821 patients, which later underwent Meta analysis. Results of which discovered that the usage of adenosine in adjuvant therapy during thrombolytic treatment could significantly improve the coronary blood flow of the patients with acute coronary syndrome and further improved the myocardial perfusion.

There are convincing randomized trial data for hard clinical outcome using IIb/IIIa inhibitors in the setting of ST elevation MI,[@b44] and its use in this setting is a Class II indication in the current 2011 PCI guidelines.[@b45] It is possible that one mechanism of benefit is the reduction in the no-reflow phenomenon in the IIb/IIIa treated patients. Large scaled clinical researches have proven the preventive effects of platelet membrane glycoprotein IIb/IIIa receptor antagonists on the no-reflow events after AMI.[@b46] The largest randomized trial of mechanical aspiration in the setting of ST elevation MI was the TAPAS trial (*n* = 1 071, export catheter).[@b47],[@b48] This trial utilized myocardial blush grading as the primary endpoint to show that manual aspiration thrombectomy reduced the incidence of no reflow and improved angiographic outcomes.

In conclusion, combination of thrombus aspiration, high-dose statin pre-treatment, intracoronary administration of adenosine during PCI procedure and platelet membrane glycoprotein IIb/IIIa receptor antagonist reduces the incidence of no-reflow after primary PCI in patients with acute myocardial infarction who are at high risk of no-reflow.
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